in large amounts in carotenoid rich foods, play some role in reducing the risk of cancer1, 9, 11, 12) .
It has been demonstrated that some carotenoids and tocopherols can play a role in reducing the Materials and Methods
Subjects
This study focused on healthy inhabitants of a rural area of Hokkaido. They were engaged mainly in dairy farming, fishery or commerce in this area . About one thousand inhabitants, mainly aged 40 years and over, were screened primarily for cardiovascular and liver diseases (including gallstones), and lung cancer every August for the past eight years. The subjects were 835 healthy individuals, 323 males (7.3% of the population) and 512 females (10.2% of the population) in the age range of 35-79 years, as shown in Table 1 . These healthy subjects with no abnormal findings in biochemical tests, i. e., liver function tests (GOT<35mU/ml and GPT<30mU/ml), kidney function tests (blood urea The percentages of nonsmokers, ex-smokers, and current smokers were 26.6%, 27.6%, and 45.8%, for males, and 88.9%, 2.5% and 8.6% for females, respectively. Current smokers were defined as the subjects who regularly smoked cigarettes every day. The consumption of cigarettes for current smokers was charted as cigarettes per day (cigarettes/day) , using statistics obtained from a questionnaire. Average consumption of cigarettes and alcohol, as well as dietary intake, of the test subjects was determined by trained public health nurses using a detailed questionnaire. Intake frequencies were studied for many foods: green-leaf vegetables (G. vegetables) such as spinach, parsley, and broccoli; carrots; tomatoes; other vegetables (O. vegetables) such as cabbage and white rape; oranges and mandarin oranges (oranges); fresh fruit drinks (juices) such as the juices of mandarin oranges and grapes; other fruits (fruits) such as watermelons, melons and grapes; pulses and pulse products such as beans and tofu; milk; seafood such as fish and shell-fish; eggs; and certain meats (meats) such as pork and beef. The intake of each food was represented as the frequency of intake per month (times/month) according to responses the questionnaire at the time of medical examination. concentrations. The analyses used the statistical package of StatView II (Abacus Concepts, Inc.)24) with Macintosh computer (Apple Computer, Inc.). The multiple-regression analysis was carried out with the dependent variables of the serum concentrations of carotenoids, retinol or tocopherols, and the independent variables of age, the consumption of cigarettes and alcohol, and the intake frequencies 1. Serum concentrations of carotenoids, retinol and tocopherols The serum concentrations of BC, AC, LY, BX, ZX, CX, RE, AT, and BT in these subjects were represented by sex as the geometric mean values and percentile values of 10% and 90%, respectively, as shown in Table 2 . The respective geometric mean values of BC, AC, LY, BX, ZX, and CX were 26.0, females. All mean values were significantly higher for females than for males (p<0.0001). The serum concentrations of RE were higher in males, while those of BT were lower, and serum AT concentrations were the same for both sexes. Moreover, although the average intake frequenciesof meats, eggs, seafood and juices for the subjects were the same for both sexes, those of milk, pulses, vegetables, oranges and fruits were significantly higher in females ( Table 3 ). The consumption of cigarettes and alcohol by these subjects was, on the average, 14.0 cigarettes per day 4.5 times a week for males, and 1.8 cigarettes per day 0.9 times per week for females. 2. Relationship between serum concentrations of carotenoids, retinol and tocopherols and the consumption of cigarettes, alcohol and foods Multiple-regression analysis was carried out for each sex to estimate the relationship between serum concentrations of carotenoids, retinol or tocopherols and age, the consumption of cigarettes and alcohol, and the intake frequencies of foods (Table 4) . Serum BC concentrations for males were significantly and inversely associated with the consumption of cigarettes and alcohol, as were serum BX and AC concentrations. Serum BC and BX values were similarly shown to be affected by the consumption of cigarettes and alcohol. Moreover, the BC values were positively related to the intake frequencies of fruits and milk. Serum BX values were significantly and positively related to the intake of juices and tomatoes and were inversely related to age. In contrast, serum ZX values were not positively associated with those of juices, although they were positively related to those of tomatoes. For females, serum BC and BX values were inversely associated with alcohol consumption.
No serum values of these carotenoids were significantly related to the consumption of cigarettes. There were significant positive relationships between serum BC values and the intake of foods such as milk and carrots, and between serum BX values and those of fruits, oranges and juices. Moreover, serum values of ZX were positively The RE values were significantly and positively associated with alcohol consumption for both sexes and inversely with age for males. Serum AT and BT values were not related to the cigarette consumption for either sex, while the BT values were associated positively with the intake of tomatoes and juices for males.
Discussion
The estimated values for repeatability (variation within determinations) and reproducibility (day-to-day variation) for the determinations of BC, AC, LY, BX, ZX, RE, and AT in this study were in the ranges of 4.5-6.8% and 6.3-15.3%, respectively23). Repeatability and reproducibility were similar to the reported values determined by the HPLC method25). The serum concentrations of ZX The mean value of BC was similar to that in previous reports, as well as that in our previous study21,23). Sex differences were apparent at the ages of 15-69 years, particularly for BC levels; they began at the age of 15 years or over and had nearly disappeared by the age of 70 years or over21,23,27), Serum concentrations of xanthophylls such as BX and ZX were nearly equal to the values obtained in another study23,28), while those of serum CX were the lowest of the serum carotenoid values determined in the subjects. The conclusion that there was no significant relationship between any serum concentrations of carotenoids and tocopherols and the consumption of cigarettes for females may depend in part on the low distribution of current smokers (8.6%) and the low consumption of cigarettes by females. It is well known that cigarette smoke extensively produces free radicals and active oxygens15,16) assay system, LY and ZX also have higher antioxidant activity than BC does18.19). Thus, the inverse relation between the consumption of cigarettes and the serum concentrations of carotenoids for male smokers is seemingly reflected in the fact that smoking may induce the stimulated consumption of carotenoids such as LY, ZX, BX, BC and AC. Furthermore, BC, AC and BX are so-called provitamin A substances because they produce retinol (vitamin A), but ZX and CX do not11,12). The transforming reaction from provitamin A to retinol is induced by various physiological actions such as metabolic activation11). The effect of alcohol consumption on serum BC, AC, BX and RE concentrations in the subjects seemed to depend in part on the activation of the transforming reaction from provitamin A to RE, induced through the activation of lipid metabolism by alcohol. Therefore, it seems that persons with habits of drinking and smoking have lower levels of serum carotenoids, including xanthophylls such as BX, and a higher level of RE because they may be in an active state of conversion of provitamin A to RE and the consumption of carotenoids. Furthermore, they have a lower intake and absorption of carotenoids.
It is known that serum concentrations of BC, AC and LY increase after the intake of a large quantity of carotenoid-rich foods such as green-yellow vegetables and some fruits, and that these foods contain fruits such as oranges contain large amounts of BX, while ZX (including lutein) is found in green-yellow vegetables1,9,28). Moreover, serum BC concentrations in inhabitants with an increased intake frequency of green-yellow vegetables increased in a follow-up study of these subjects37). More than 30% of our enrolled subjects were dairy farmers who lived in a rural area. The other subjects were engaged mainly in fishery and commerce in the area. Thus, they could generally consume fresh milk and colored fruits, mainly melons (watermelons and cantaloupes) and mandarin oranges, as well as fresh juice made from mandarin oranges in summer. Thus, it is to be expected that the active ingestion of carotenoid-rich foods such as green-yellow vegetables and colored fruits, and active reduction of the consumpion of cigarettes and alcohol can increase serum concentrations of xanthophylls such as BX and ZX, as well as those of BC.
Summary
The relationship between serum concentrations of carotenoids, tocopherols and retinol and the consumption of cigarettes, alcohol and foods was investigated in 835 healthy inhabitants (aged of BC, BX, AC, LY and ZX for males were inversely associated with the consumption of cigarettes in multiple-regression analysis. The serum values of BC, AC and BX for males were inversely associated with alcohol consumption, while serum RE values were positively related to alcohol consumption for both sexes. There were significant relations between serum values of BC, AC, and ZX and the intake frequencies of carrots, tomatoes, milk and/or green-leaf vegetables, especially for females, and between serum BX values and the intake of oranges, juices and fruits. Serum RE and AT concentrations were not associated with any food intake, and BT concentrations were associated with the intake of tomatoes and juices for males.
